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Abstract: Histomorphological study of the larval (final instar) osmeterium gland in Graphium agamemnon agamemnon
Linnaeus shows that each fully protruded Y-shaped osmeterium is composed of 2 elongated hollow tubular arms, which
arise from a basal peduncle. The surface of the osmeterium has irregular folds, and papillae arise from some cells. There
is an oval opening (gland pore, structurally less complicated than in other evolved species) in the proximal second seventh
of the segment on each tubular arm on its posterior face. Histologically, 2 main types of secretory cells can be observed
(excluding the muscle fiber cells and supporting cells): i) ellipsoid gland cells within the gland pore region and ii) tubular
arm cells extending from the upper part of the ovoid gland pore region to the distal part of the tubular arms. The defensive
efficacy of the osmeterial secretion in larvae was also examined, both in the laboratory and field, and was observed to be
very complicated.
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Introduction
The osmeterium is an eversible, forked defensive
gland that protrudes from the mid-dorsal region at
the junction of the head and prothorax, and is
universally present in each and every larval instar of
swallowtail butterflies of the family Papilionidae. The
adult and final instar larva of Graphium agamemnon
agamemnon L. are shown in Figure 1A and B,
respectively. The osmeterium, in fact, remains within
the body cavity in the thoracic region in an inverted
position and is everted when disturbed in any way
(Figure 1C), thereby emitting a characteristic

disagreeable and pungent odor that is presumed to
repel such enemies as ants and other predatory or
parasitic insects.
The strong odor is a mixture of volatile organic
acids, such as isobutyric acid and 2-methylbutyric
acid (Chow and Tsai, 1989). Defensive osmeterial
secretion of the Papilio demodocus pre-final larval
instar contains methyl 3-hydroxybutanoate, 3hydroxybutanoic acid, α-pinene, myrcene, limonene,
b-phellandrene, (Z)-ocimene, (E)-ocimene, bcaryophyllene, (E)b-farnesene, and germacrene-A, as
well as a number of unidentified sesquiterpenoids
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(Burger et al., 1985), and that of its final instar
contains 2-methylpropanoic acid, 2-methylbutanoic
acid, and their methyl and ethyl esters as major
constituents (Burger et al., 1978).
The profiles for individual species differ, both
qualitatively and quantitatively, and certain species
also secrete methyl 3-hydroxy-n-butyrate and
oxygenated sesquiterpenes in relatively large
proportions. Secretions from fifth instars are
composed of varying proportions of isobutyric acid,
2-methylbutyric acid, and acetic acid, and methyl and
ethyl (minor) esters of both isobutyric acid and 2methylbutyric acid (Ômura et al., 2006).
Although the osmeterium occurs in all larval
instars, the structure observed in the fifth (final) larval
instar (Figure 1B) is presented herein. The structure
and function of the osmeterium in Papilio larvae have
been reported (Eisner et al., 1964; Eisner and
Meinwald, 1965; Crossley and Waterhouse, 1969;
Damman, 1986; Chow and Tsai, 1989; Nishida and
Fukami, 1989; Lu and Chow, 1991); however, none of
these earlier studies dealt separately with the
osmeterium in Graphium agamemnon agamemnon L.
Therefore, the present study aimed to examine the
histomorphology of the osmeterium in Graphium
agamemnon agamemnon L. using light and scanning
electron microscopy, and to ascertain the nature of the
defensive function of the osmeterium, under both
laboratory and field conditions. Graphium larvae are
reported from a number of host plants, including
Saccopetalum tomentosum, Annona muriacata, A.
squamosa, A. discolor, A. reticulata, Polyalthia
longifolia (Annonaceae), (Chattopadhyay &
Mukherjee,
2007),
Michelia
champaca
(Magnoliaceae), etc.
Materials and methods
For scanning electron microscopy examination
protruded osmeteria (Figure 1C) of Graphium a.
agamemnon final (5th) instar larvae (n = 11, Figure
1B) were dissected and fixed in 2.5% glutaraldehyde
in 0.2M phosphate buffer (pH 7.2) for 8 h. Tissues
were washed in Pleuronic F-68 solution and again
rinsed in phosphate buffer solution. The tissues were
post-fixed for 2 h in 1% osmium-tetroxide solution
buffered at pH 7.2, and then were dehydrated in
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graded ethanol series. The fixed specimens were
treated with acetone for 3 h, followed by amyl acetate
for 3 h, and were then dehydrated by critical point
drying and mounted on stubs with conductive paint.
They were subsequently coated with gold using an IB2
ion coater and observed with a Stereoscan electron
microscope (Hitachi S-530, Japan).
For histological examination the dissected tissues
were fixed in Carnoy’s fluid (absolute alcohol: 60%;
chloroform: 30%; glacial acetic acid: 10%) for 1 h.
After fixation the tissues were dehydrated in graded
ethanol series, cleared in xylene, and then blocked in
paraffin wax via infiltrating in a vacuum embedding
paraffin wax bath. Serial 6-μm sections of osmeteria
were cut, stretched on slides, and subsequently stained
with Delafield’s hematoxylin and eosin for light
microscopic observation, and microscopic
photographs were obtained at magnifications of 100´,
400´, and 1000´. Photographs of a Graphium a.
agamemnon adult and final instar larva are shown in
Figure 1A and B, respectively.
Results
External morphology (Figures 1-2)
The osmeterium of the fifth (final) larval instar of
Graphium a. agamemnon becomes everted from the
mid-dorsal junction between the head and prothorax
when disturbed by anything external (Figure 1C). A
fully protruded osmeterium assumes a Y-shaped
structure, with a stout trunk or peduncle at the base,
from which arises 2 long tubular arms; the entire
structure is shiny and yellow-green (Figure 1C).
Morphometric data of the protruded osmeterium are
given in the Table.
Scanning electron microscopy shows that each Yshaped osmeterium, when fully protruded (Figure
2A), is composed of 2 elongated arms that are
gradually pointed towards the tips and arises from a
basal stout trunk or peduncle, whereas the tips have
blunt ends (Figure 2H) when not fully protruded. The
bases of the individual tubular arms, as well as the
common basal peduncle (pd), are confluent,
originating at the mid-dorsal junction of the head and
prothorax of the larva (Figure 2A). This is probably
due to shrinkage that occurs during processing;
however, in a well-preserved osmeterium the
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Figure 1. Adult, final (fifth) instar larva & larval osmeterium of Graphium agamemnon agamemnon L.
A. Adult of Graphium agamemnon agamemnon L.
B. Fifth instar larva of Graphium agamemnon agamemnon L.
C. Head of final larva with fully protruded osmeterium.
A-C showing: mts = mesothoracic spine, mtts = metathoracic spine, pd = basal peduncle, pts = prothoracic spine,ta = tubular arm.

peduncle (pd) can be clearly observed (Figure 2B). It
is interesting to note that as with the cuticular
thickening that was observed histologically at the
basal region of each tubular arm (described later),
scanning electron micrographs show similar
thickening represented by rosette, crypts, and gyri at
the basal portion of the osmeterium (Figure 2B and
C); it exhibits a characteristic basal architecture,
which has not been reported in any other genera in
the family Papilionidae. Taxonomically, this structure
may serve as an identifying feature. At the point of
bifurcation of the tubular arms this structure ceases
to exist; instead, overlapping scale-like entities, each
with a very kinky, rough surface and papillae (Figure
2F and G) are present.

In the proximal second seventh of the segment of
each tubular arm on its posterior surface there is an
oval opening (dark black portion) of the ellipsoid
gland, which may be referred to as a gland pore (gp),
surrounded by stacks of irregularly folded cells (ifc)
devoid of papilla (Figure 2D and E). This oval
structure presumably helps to spray and smear the
entire body with defensive organo-chemical secretion.
The tubular arm cells (tac), which are preponderant
from the upper part of the gland pore to the distal end
of the individual tubular arm, are scaly overlapping
structures with tubular protuberances known as
papilla (pa) (Figure 2F-H). Though a single papilla is
the monopoly of such scaly structures, bi-papillate or
tri-papillate scales are also visible (Figures 2F and G).
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Figure 2. SEM of osmeterium (Osmet.) of Graphium agamemnon agamemnon L.
A. A fully protruded osmeterium.
B. Base of osmeterium with prothoracic spines (pts).
C. Base of osmet. showing rosette, crypts & gyrae.
D. Upper basal part with gp & irregularly folded cells (ifc).
E. Enlarged view of gland pore (gp) with ifc.
F. Papillae (pa) on the tubular arm (ta).
G. Enlarged view of papillae (pa) on the tubular arm (ta). H. Blunt tip of tubular arm (ta) of osmet.
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Table. Morphometric data of the protruded osmeterium gland of G. a. agamemnon L.
Parts of
Osmeterium

Length (mm)
Range: mean ± SE
n = 11

Diameter (mm)
Range: mean ± SE
n = 11

-

2.02-2.19: 2.07 ± 0.003

7.52-9.56: 8.96 ± 0.061

-

Base of tubular arm

-

0.40-0.86: 0.62 ± 0.006

Tip of tubular arm

-

0.32-0.45: 0.39 ± 0.003

Basal peduncle (pd)
Tubular arm (ta)

Histological study (Figures 3 and 4) suggests that
usually the scale, along with its papilla, originates
from a single cell; the extended part is smooth,
forming the papilla, and the wavy surface
characterizes the bulk of the individual cuticle
covering of the epithelial cell. These cells constitute a
single-layered structure, as histological examination
has failed to show multiple cellular orientation of the
cells. It is worth mentioning here that earlier instars
possess fewer papillae and they are more distantly
placed in comparison to what is observed in the final
larval osmeterium.
Histology (Figures 3 and 4)
In transverse section the basal region of the
osmeterium, situated below the bifurcation of the
tubular arms (Figure 3A [100´], B [100´], C [400´],
and D [1000´]) and the base of each tubular arm,
where the bifurcation has just started (Figure 3E
[100´]), exhibit a thick cuticular structure (cu) (lightly
stained) above a layer of tall columnar epithelial cells
(ec or epidermis), which is positioned on a basement
membrane (m). The cuticular covering (0.06 mm0.08 mm) (cu) is 3-4-fold thicker than the epidermis
or ec (about 0.02 mm). With the hematoxylin and
eosin counter stain preparation this epithelium with
the cuticular covering exhibits the typical architecture
of the insect body wall. The nuclei (nu) of these cells
are round to ovoid, with chromatin materials
scattered in small aggregations. Nuclei (nu) are
present in the basal region of the cells (Figure 3D).
The cytoplasm (cy) is dense and granular, with some
irregular channels that are probably for making
contact with the cuticular layer (cu). At the base of
each tubular arm, where the ellipsoid gland is not
present, the outer osmeterial epithelium exhibits a

comparatively thinner cuticular covering externally,
and internally it rests on a basement membrane (m).
The nuclei (nu) of these cells are oval. In the
transverse section of the basal part, where the
ellipsoid gland is present, the outer epithelium
exhibits a layer of cells arranged side by side. These
cells are absent in the region of the gland pore (gp).
The cells also possess a comparatively thin cuticular
covering and papilla/papillae (pa) at their apices
(Figure 3E-H). The nuclei are positioned at the basal
region where the cells rest on a basement membrane
(m). The cytoplasm is very eosinophilic and shows
vacuolations of varying shapes and sizes. The ellipsoid
gland cells (egc) are large epithelial cells that surround
the secretory materials (gs) and form a lumen-like
structure (Figures 3E-H); however, the gland pore
(gp) region is devoid of any glandular epithelial cells
and the lumen is directly in contact with the outer
cuticle (cu) (Figure 4A). Secretory materials (gs)
appear to be homogeneous and a deep pink color with
H&E stain (Figure 3F-3H). Moreover, some vacuoles
are observed at the base of the cuticle where the gland
pore (gp) is present (Figure 4A). The cells are large
and polygonal, and have large deeply stained nuclei
(nu). The nuclei are centrally placed, but in the
physiologically active cells the individual nuclei orient
in the basal region, simulating the acinar cells of the
pancreas (Figure 4A). In the nuclei chromatin
materials are deeply stained with hematoxylin and
remain in discrete clumps. Furthermore, the
occasional presence of heterogeneous aggregates of
granular materials in the vicinity of chromatin clumps
is observed in G. a. agamemnon (Figure 3F); the
cytoplasmic portions (cy) are, however,
homogeneous. Yet, while active the secretory
materials are stained deeply with eosin and
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Figure 3. Histology of osmeterium (osmet.) of fifth instar larva of Graphium agamemnon agamemnon L.
A. TS through basal peduncle (pd) of Osmet. (×100)
B. TS through basal peduncle (pd) of Osmet. (×100)
C. TS through base of osmet. (×400)
D. TS through base of osmet. (×1000)
E. TS through basal part starting bifurcation. (×100)
F. TS through ellipsoid gland region. (×400)
G - H. Enlarged ‘F’ showing glandular secretion (gs), encircled by ellipsoid gland cells (egc) on inner side and cuticle (cu) on the outer
side; cy = cytoplasm, ec = epithelial cells, gs = glandular secretion, m = basement membrane, nu = nucleus, pa = papilla (×1000)
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Figure 4. Histology of osmeterium (osmet.) of fifth instar larva of Graphium agamemnon agamemnon L.
A. TS through gland pore (gp) region. (×400)
B. TS through muscular part of tubular arm (ta). (×400)
C. Enlarged Figure ’B’ with mf and sc. (×1000)
D. TS through distal part of ta. (×400)
E. Same as ‘D’ showing tubular arm cells (tac). (×400)
F. A tac with 3 cuticular papillae. (×1000)
Figures. A-C. Transverse section (TS) of tubular arm (ta) of final larva of G. a. agamemnon L. through gland pore region
(Figure A) and muscular part (Figures B & C) of osmet. Figure A. shows active glandular secretion (gs) encircled by active
acinar ellipsoid gland cells (egc) with prominent nuclei (nu) & cytoplasms (cy) on inner side & gland pore (gp) on the outer
side; Figures B & C showing muscular part of osmet. with muscle fibers (mf) & supporting cells (sc).
Figurea D-F. TS of distal part of tubular arm of osmet. showing tubular arm cells (tac) with 1-3 cuticular papilla/ae (pa) & cuticle (cu).
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accumulate towards the epical portions of the
glandular part (Figure 4A). Figure 4B and C shows
the TS of the muscular part of the osmeterium, with
a bundle of muscle fibers (mf) and prominent
supporting cells (sc) arranged side by side. This part
helps with out-pocketing, as well as with retracting
the tubular arms during protrusion and retraction of
the osmeterium. The distal part and the tip of the
tubular arm do not have ellipsoid gland cells. Only
the outer epithelial cells of the tubular arm (ta) have
a prominent cuticle and papillae at their apices.
Nuclei are basal in position, oval to rod-shaped, and
exhibit granular chromatin materials. Cytoplasm is
dense and granular, and contains prominent
vacuoles (Figure 4D-F), and each cell (tac) contains
1 (Figure 4E) or more (Figure 4F) cuticular papillae
(pa) at its apex.
Defensive efficacy of osmeterial secretion
During the course of the present study an
interesting aspect of defensive behavior was observed.
In order to determine the chemical nature of the
osmeterial secretion larvae were irritated, and then
osmeterial secretion was collected with fine glass
capillaries at the base of the osmeterium. After
extraction of the osmeterial secretion larvae with a
well-developed osmeterium could not protect
themselves from attack by red ants in the laboratory,
even though the osmeteria were fully extended for a
limited period of time before death. Sometimes, the
protruded osmeteria became dry due to prolonged
aerial exposure and could not be retracted within the
body cavity. Moreover, during the first attack by the
red ants (when osmeteria were extended) the red ants
were initially repelled, but after the osmeterial
secretion evaporated the ants attacked again. After
numerous attacks the osmeterial secretion of the
solitary larva was depleted and it was successfully
depredated by the red ants. This was observed both
in the laboratory and field. Furthermore, it was
observed that the larva that has milked at least once
loses its power of defense because the subsequent
eversion of the osmeterium could not yield sufficient
quantity of secretion in the case of Graphium larvae in
particular.
The osmeterium in Graphium larvae also failed to
protect against forceful and quick penetration of the
fine stylets of the rostrum by the soldier bug
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(Hemiptera; Pentatomidae). These bugs sucked and
consumed the body fluids of the Graphium larvae
very quickly: 5-10 s before protrusion of the
osmeterium in the field. Despite the presence of a
defensive mechanism in these Graphium larvae, their
predators and parasites have evolved a better
mechanism of attack that counters the potency of the
osmeterial secretion. Even avian predators such as
Indian Myna [Acridotheres tristis (Linnaeus)] can
easily consume these caterpillars, despite the presence
of a defensive osmeterium.
Discussion
The surface of the osmeterium, though it appears
to be smooth and shiny to the naked eye, has
irregular folds and some protuberances or papillae
that arise from each cell. Scanning electron
micrographs showed this structure clearly in the
osmeterium of Graphium a. agamemnon final instar
larvae. The present study’s results are similar to those
reported by Lu and Chow (1991), who also studied
this structure in the fifth (final) instar larvae of
Papilio demoleus libanius. In the nuclei of the
ellipsoid gland cells (egc) chromatin materials are
deeply stained with hematoxylin and remain in
discrete clumps that resemble the scattered clumping
of chromatin in Papilio demoleus libanius, as
visualized with electron microscopy by Lu and Chow
(1991). Another similarity is the occasional presence
of heterogeneous aggregates of granular materials in
the vicinity of the chromatin clumps, as evidenced
in G. a. agamemnon (Figure 3F) and in P. d. libanius
(Lu and Chow, 1991). Percy and MacDonald (1979)
reported that in a number of insect defensive glands
both tubular arm cells and gland cells have papillae
to increase the surface area, making the release of
secretory material more effective. In the present
study an oval opening (gp) was observed in the
proximal second seventh of the segment on each
tubular arm in its posterior face (Figure 2A-E). This
is presumably due to spraying and smearing the
entire body with osmeterial secretion. Such ovoid
apertures were not observed in Papilio aegeus aegeus
Donovan larvae by Crossley and Waterhouse (1969),
and were not observed in Papilio demoleus libanius
Fruhstorfer by Lu and Chow (1991).
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From a phylogenetic point of view, G. a.
agamemnon is rather primitive, in sharp contrast to
the other 2 species of Papilio. Lu and Chow (1991)
noted 3 stacks of longitudinally arranged cells devoid
of papillae. The middle stack of cells, being more
slender than the other 2 stacks, forms a rod-like
structure constituting the ellipsoid gland. Moreover,
the linearly aligned central rod-like structure is
somewhat squeezed between the 2 stacks of cells and
apparently acts as a valve to regulate the outflow of
the glandular secretion. Such a regulatory mechanism
seems to be missing in the G. a. agamemnon
examined in the present study. Probably due to the
absence of this regulatory mechanism the larvae are
unable to control the outflow of osmeterial secretion;
therefore, the secretions rapidly become depleted and
the larvae are then very susceptible to depredation
and attack by ants and others insects. Berenbaum et al.
(1992) also observed soldier bug predation on
swallowtail caterpillars. Presumably, this primitive
ellipsoid gland in G. a. agamemnon larvae, which is
structurally uncomplicated, may be the forerunner of

the highly evolved ellipsoid gland observed in Papilio
larvae. Natural selection must have played a very
significant role in stabilizing such a structure in the
evolved species (Miller, 1987). This notion is
reinforced by the incredible fact that the slack cells
observed in the evolved species are apparently absent
in G. a. agamemnon. The ellipsoid gland cells are not
attached to the cuticle in G. a. agamemnon, whereas in
P. demoleus libanius the cuticle is reported to be
attached to ellipsoid gland cells (Lu and Chow, 1991).
The tubular arm cells that extend from the upper part
of the gland pore to the terminal part of the individual
tubule have scaly overlapping structures, and 1-2
lobular papilla/e. (Figures 2F and G, and 4F).
According to Leslie and Berenbaum (1990), larvae of
Papilio cresphontes and P. polyxenes, with or without
functional osmeteria, were universally rejected by an
avian predator, Japanese quail (Coturnix coturnix),
while the larvae of Papilio glaucus were readily
consumed. The present study of Acridotheres tristis
shows that a functional osmeterium has nothing to do
with the consumption of these avian predators.
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